Abstract-the dynamic response of large space structures under accidental impact has been the subject of intense research since the occurrence of the 9/11 incident. In the present paper, events of aircraft impact to the single-layer kiewitt-8 reticulated dome were simulated by using the 3D ANSYS/LS-DYNA. Impact loadings were carried out respectively by the Riera force history method and by modeling a real plane similar to Bombardier Challenger 850. Simulation results indicated that the impact by modeling a real plane directly is more reasonable than the method by Riera force history. Furthermore, a series of different impact events were added to investigate the effect of impacting position and the flight attitude of the airplane.
INTRODUCTION
Shock dynamics mechanics of large space structure subject to the airplane crash has gained researchers more attention since the occurrence of the 9/11 incident. Large space structures are usually such symbolic buildings of social and economic importance. It is very necessary and beneficial to investigate the dynamic behaviour of large space structures.
Due to the complexity of the airplane crash, some simplifies and assumptions were applied to the studies. A typical example is that the impact load is carried out by a force history, instead of the real airplane crash [1, 2] as following in Fig.1 . On the other hand, under accidental impact, lots of previous studies and investigations concentrated mainly on the frames and high-rise buildings, typical researches could be found in Bonder [3] , Zhou [4] , Samuel [5] , Lynn [6] , and Lin [7] . Yet, the work on the reticulated domes is relatively few. In this work, the case with the airplane impact to the single-layer Kiewitt-8 reticulated domes was investigated by a series of 3D simulations. The impact was carried out by the Riera force history and by modeling a real airplane similar to Bombardier Challenger 850 respectively. Fig.1 Comparison results of Riera [1] 2. NUMERICAL MODEL OF THE DOME STRUCTURE All the simulations in the study were performed with LSDYNA-3D code. Fig.2 shows a single-layered kiewitt-8 reticulated dome with a 60 m span. The dome consists of eight latitudinal circles and eight main radial ribs that divide the sphere into 8 axi-symmetrical fan-shaped segments. Diagonal members are applied to link the latitudinal and the main radial members, and similar triangular grids are thus formed all over the spherical surface. Geometry parameters of the single-layered kiewitt-8 reticulated dome are given in Table 1 . In this present paper, since impact is related to the high strain rate, which is a very important role to the dynamic behaviour of structures, thus the constitute model of piecewise JC was adopted, which can take into account the strain-rate effect to some degree. The initial yield stress was 207 MPa; the elastic modulus was 206GPa; the Poisson's ratio was 0.3; and the effective plastic strain at failure was defined as 0.25 [8] . In this section, using the Riera force history curve, the dynamic response of the single-layered kiewitt-8 reticulated dome was investigated. The Riera force history curve is shown in Fig.3 , which was based on the event that Boeing 707 impacts the rigid target [1, 2] . The airplane mass is 127.5 T, the impacting velocity is 120 m/s. Horizontal loading and normal loading were conduct, which were labeled with A and B, as shown in Fig.4 . Single node impacting and dual nodes impacting styles were analyzed considering with the airplane size. Final damage was shown in Fig.5 . It was found that for horizontal loading the dome mainly happens to the global damage, part members are broken. The affect zone of dual nodes impacting is slightly larger than that of single node impacting. However, for the normal loading, a different damage mode is found. The damage zone becomes larger. Especially, for the dual points impacting, a global damage mode is found as shown in Fig.5 (d) . As discussed above, the damage mode exhibits a difference between horizontal loading and normal loading. For adopting Riera loading history curve to simulate the dynamic response of the airplane crash, there are mainly the following factors constraining the application of this method: 1) Irregularly of the airplane geometry contributes to increase the error of the analyzed results; 2) the Riera loading history curve was gained by studying the airplane impacting the rigid wall, which is different to that of the airplane impacting the real structure; 3) at the impacting progress, the airplane itself happens to the deformation.
Thus, aiming to gain the more accurate analyzed result, it is very necessary to simulate the real airplane. In the following section, the real airplane will be simulated to study the dynamic response of the airplane impacting the singlelayer kiewitt-8 reticulated dome.
AIRPLANE CRASH BY MODELING THE REAL AIRPLANE
Generally, it is difficult to find the detailed parameters of an airplane. Thus, considering the dome size, and the key factors including mainly the mass distribution and the overall shape, the Bombardier Challenger 850 was chosen as the analytical target. The finite element model is given in Fig.  6 . The airplane total length is 27 m; the wingspan is 21m and a maximum gross take-off weight is approximately 24.5 T. 
Analysis of "taylor" impact
Aiming to validate the relatively reasonability of the finite element model, the event with the airplane impacting rigid wall was firstly conduct. The deformation process of the airplane was given in Fig.7 . It is found that there is a liked folded deformation in the front part of the airplane, which is very similar to the analytical results of Riera [2] . And for this small airplane, the power engine is at the end of the airplane, and the fuel tank is positioned in the airplane. This indicates that the mass center is closed to the back of the airplane, and the mass distribution is relatively uniform in the front part of the airplane. Corresponding to the history curve of the average shock force (in Fig. 8) , it makes sense that the shock force peak is located in the back part of the curve. Furthermore, in light of the variation trend of the average shock force with time, there is a certain similarity with the Riera force history. Thus, based on the deformation and shock force feature of the airplane, it could be concluded that using the finite element model of Bombardier Challenger 850 above given to investigate the dynamic response of the single-layer Kiewitt-8 reticulated dome is feasible. 
Analysis of airplane crash
Based on the dome model descripted in the section 2, the event that the small airplane of Bombardier Challenger 850 impacting the single-layer Kiewitt-8 reticulated dome was analyzed in this section, where the impact velocity with 100 m/s was involved.
It is necessary to point out that the damp effect was considered by applying the Rayleigh damp, where the mass proportional damp is set to 0.765, and the stiffness proportional damp is 5.197×10 -5 . In the study, three kinds of impacting styles were involved, which are the horizontal impact, the yaw impact and the oblique impact, as given in table 2. For an airplane crash, the airplane is generally under and forward of the impacted dome before the impacting in Fig.9 , this demonstrates that probability of impacting point A is maximum, which is the key case investigated. Meanwhile, for the yaw impacting, Point B and Point C will be analyzed. Fig.10 . Clearly, the dynamic response among three impacting styles is different. Based on the reference [9, 10] , the damage mode resulting from the horizontal impact and the yaw impact belong to the local damage. Reversely, the oblique impact happens to the global damage. A typical deformation process is given in Fig. 11 . In order to investigate the effect of impacting points to the dome damage, for the yaw impact, two additional points (Point B and Point C) were considered, as shown in Fig. 9 . The analytical results were given in Fig.12 . From the final deformation of the dome structure, it could be concluded that the case with Point B happens to the global damage without the airplane perforation, but for the case with Point C the damage is local with the airplane perforation. Thus, the analytical results above given indicates that the flight attitude of the airplane before the impacting and the impacting points have a large influence to the damage mode of the dome structures. It is necessary to point out that in the present paper, the influence is only investigated and analyzed qualitatively, more detailed work will be approached in the future work.
CONCLUSION
Aiming to investigate the dynamic response of the single-layer Kiewitt-8 reticulated dome subjected to the airplane crash, a series of 3D numerical simulations by LS-DYNA software were conduct. In the present paper, impact loading of the airplane crash was reached by two methods; one was that the Riera force history curve was applied, the other was that the crash was carried out by modeling a real plane similar to Bombardier Challenger 850. The analytical results demonstrated that the second method is superior to that of the first method, and it was found that the flight attitude of the airplane before the impacting and the impacting position are the key factors to the final damage of the dome structure. The results gained in the present paper are very beneficial to control the damage level for the airplane captain.
